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Abstract
The Floating nuclear power plant grid is composed of power generation, in-station power supply and external
power delivery. To ensure the safety of the nuclear island, the in-station system adopts a special power supply
mode, while the external power supply needs to be adapted to different types of external systems. Because of
frequent single phase-ground faults and various fault forms, the fault line selection protection should be accurate,
sensitive and adaptive. This paper presents a fault line selection method in cooperation with multi-mode grounding
control. Based on the maximum united energy entropy ratio (MUEER), the optimal wavelet basis function and
decomposition scale are adaptively chosen, while the fault line is selected by wavelet transform modulus maxima
(WTMM). For high-impedance faults (HIFs), to enlarge the fault feature, the system grounding mode can be
switched by the multi-mode grounding control. Based on the characteristic of HIFs, the fault line can be selected
by comparing phase differences of zero-sequence current mutation and fault phase voltage mutation before and
after the fault. Simulation results using MATLAB/Simulink show the effectiveness of the proposed method in solving
the protection problems.
Keywords: Floating nuclear power plant, Multi-mode grounding control, Wavelet transform modulus maxima
(WTMM), Maximum united energy entropy ratio (MUEER), Phase difference, Single phase-ground fault
1 Introduction
The floating nuclear power plant is a moving nuclear
power station, and is the combination of marine and nu-
clear engineering [1]. It can provide safe and effective
energy supply for remote islands, offshore oil exploit-
ation, and seawater desalination etc. It is composed of
power generation, in-station power supply and external
power delivery. However, the power grid can have fre-
quent ground faults with different fault forms. Thus, it is
one of the key technical challenges to quickly and accur-
ately select and isolate the fault line under various
ground fault conditions. However, conventional ground
fault protection methods have low protection sensitivity
under extreme fault conditions, and are difficult to adapt
to different forms of ground faults. Thus, they fail to
meet the requirements for safe operation of nuclear
power plants.
In medium voltage (MV) shipboard systems, the ship-
board hull is used as the ground loop. To ensure
personnel and equipment safety in case of ground faults,
ineffectively grounding modes including ungrounding,
arc suppression coil grounding and resistance grounding
are widely used [2]. A floating nuclear power plant grid
contains sensitive loads connected with the nuclear is-
land, which require high power supply quality. However,
the neutral point ungrounding mode is prone to gener-
ating arc grounding overvoltage, and the arc suppression
coil grounding method is difficult to adapt to the change
of system operating status. Since the neutral point via
resistance grounding method can reduce the ground
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fault current and suppress arc overvoltage through en-
ergy absorption by the grounding resistor, it has been
adopted in the power grid.
At present, fault line selection algorithms mainly in-
clude intelligent [3–5], fundamental system frequency
components based [6–8] and transient signal based
algorithms [9–14]. The methods based on intelligent
algorithms have a high ability of fault identification,
but the physical meanings are not clear, and there are
no unified standards for different fault forms [15].
The floating nuclear power plant system adopts the
ineffectively grounding mode, the magnitude of the
steady-state fault current is low [16], but there is
plenty of fault information in the transient signals
when ground faults occur. The transient signal based
algorithms mainly include wavelet transform and trav-
eling wave methods. Since the structure of the nu-
clear power plant system is compact, the fault line
selection method using the traveling wave easily leads
to the aliasing of the refracted and reflected traveling
waves [17]. Thus, the fault features cannot be ex-
tracted effectively. In [12–14], protection methods
based on WTMM have been used, in which the local
characteristics of the fault signals can be effectively
extracted through wavelet transform. However, the
optimal wavelet transform function is usually selected
through simulation, which lacks adaptive selection
standards for different fault lines and fault conditions.
In addition, when HIFs occur, the transient fault
characteristics are not obvious so that the protection
sensitivity cannot satisfy the security requirement.
Compared with common shipboard power networks
and land distribution power grids, the floating nuclear
power plant grid is compact in structure, and because of
the ship hull being used as the ground loop, it is prone
to generating different fault forms. Moreover, the reactor
loads in the floating nuclear power plant are sensitive to
large ground fault current. Thus, the protection method
should have high sensitivity to different ground faults.
To solve the problems, a protection method in cooper-
ation with the multi-mode grounding control is proposed
in this paper. When a ground fault occurs, if the fault
current is larger than the threshold value, the system re-
mains grounded with high-resistance. The protection
method based on WTMM is used, and MUEER is defined
to select the optimal wavelet basis and decomposition
scale. When HIFs occur, the fault characteristics of the
feeders are not obvious because of the signal noise and the
limited precision of zero-sequence CT. Under such condi-
tions, multi-mode grounding control is adopted and the
system is switched into low-resistance grounding mode to
enlarge the fault characteristic. A phase difference protec-
tion method based on zero-sequence current mutation
and fault phase voltage mutation before and after the fault
is applied. The performance of the proposed scheme is
verified by simulation.
2 Protection scheme in cooperation with multi-
mode grounding control
2.1 Multi-mode grounding control
The selection of the grounding mode of a floating nuclear
power plant grid needs to consider multiple objectives
such as safety of related equipments, stable system oper-
ation, and sensitive and reliable ground fault protection.
The power grid of the floating nuclear power plant has a
compact structure and variable operating modes. Thus, a
suitable system grounding method is the key problem to
ensure the safe operation of the platform.
At present, the neutral-point grounding modes of MV
distribution power systems can be divided into direct
grounding, ungrounding, arc suppression coil grounding
and resistance grounding, etc. The MV floating nuclear
power plant system has a large capacity with a large
number of cable line branches, and the ship hull is dir-
ectly used as the ground loop. If the ground fault current
is large or the arc overvoltage is high, the safety of
personnel and equipment in the plant will be compro-
mised. Therefore, the direct grounding and ungrounding
modes cannot be adopted. When the neutral-point is
grounded through an arc suppression coil, it is difficult
to adapt to the change of system operating status and
the system can easily oscillate. Since the resistance
grounding mode can reduce the fault current and sup-
press the arc overvoltage, it is thus adopted.
The resistance grounding mode can be divided into
low-resistance, medium-resistance and high-resistance
grounding. Long-term operational experience shows that
if the resistance value is very low, the fault current will
be large and can affect the operational safety. However,
if the resistance value is very high, when HIFs occur, the
fault current is small, and the line selection protection
sensitivity is low, making it difficult to detect and isolate
the fault accurately. Therefore, it is necessary to improve
the traditional grounding mode.
Combining with the multi-resistance grounding principle
[2], multi-mode grounding control is proposed. In this
mode, multiple grounding resistors are installed at the neu-
tral point of the system. Only the high-value resistor is used
in normal operation. In the events of HIFs in the system,
the neutral point can be switched into low-resistance mode
by multi-mode grounding control, to amplify the fault char-
acteristic, and improve the reliability of line selection pro-
tection. The structure of the floating nuclear power plant
system is shown in Fig. 1.
As shown in Fig. 1, the system consists of a generator,
a neutral multi-mode grounding device and four branch
lines, while the power source and the network are
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directly connected. The ends of each line is connected
to the in-station or external system through a separate
transformer. In normal operation, switch K1 is con-
nected and K2 is disconnected, and the system is
grounded by the high-resistance R1. This can effectively
reduce the fault current in the cases of metal and low-
impedance ground faults, and suppress the transient
overvoltage in the cases of intermittent arc ground
faults. When the zero-sequence fault current magnitude
meets the threshold value, the fault line can be selected
based on the WTMM protection method. When HIFs
occur, the fault current magnitude is low, which makes
it difficult for the measuring devices to meet the preci-
sion requirements. Under such conditions, switch K2 is
closed by the multi-mode grounding control and the
system is switched into low-resistance mode to increase
the fault current. In addition, the line selection protec-
tion method for HIFs is used to select the ground fault
line. In this way, the sensitivity of the protection scheme
can be improved and the safety of the floating nuclear
power plant can be assured.
2.2 Coordination of the protection method and neutral-
point grounding mode
During normal operation state, the high-resistance
grounding mode is adopted. When metal, low-impedance
or intermittent arc ground faults occur, the magnitude of
the fault current transient component is relatively large,
and satisfies the threshold value requirement. MUEER is
used to select the optimal wavelet transform function and
decomposition scale, and WTMM is used to select the
fault line. By comparing the WTMM polarity and square
value differences of the zero-sequence current in the lines,
the fault line can be quickly and accurately selected.
When HIFs occur, the fault characteristic is not obvi-
ous. Since the precision of the zero-sequence CT is
limited and the fault characteristic signal is greatly af-
fected by interference signals, it is difficult to select the
fault line correctly. In cooperation with the multi-mode
grounding control, the neutral-point can be switched
into low-resistance mode to amplify the fault character-
istic. In this situation, the voltages of the sound phases
are almost unchanged. Thus, the fault line can be
selected by comparing the phase differences of the zero-
sequence current mutation and fault-phase voltage
mutation before and after the fault between the lines.
The coordination strategy of the multi-mode grounding
control and the fault line selection scheme is shown in
Fig. 2.
3 Line selection protection method based on
WTMM
The floating nuclear power plant grid is a system with
multi branches and short cable lines. Since the system is
grounded by high-resistance in the normal state, a large
number of transient fault components will be generated
when ground faults occur. Except for extreme HIFs, the
transient fault current can meet the threshold value re-
quirement. In order to make good use of the local fault
characteristics of the transient signals, an adaptive pro-
tection method based on WTMM is proposed.
3.1 Principle of wavelet transform singularity detection
If a function f(x) is discontinued somewhere on the do-
main, or its derivative is not continuous, it is regarded as
singular. Whether the function f(x) is singular can be
characterized by the Lipschitz function and the function
can also be used for characterization of the signal singu-
larity detection [18]. This refers to the detection and
extraction of signal mutation points. Where n is a non-
negative integer and a satisfies n ≤ a ≤ n + 1, if there are
two constants A, h0 > 0, and an n-degree polynomial
Fig. 1 Floating nuclear power plant MV system
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Pn(x), for any h∈[−h0, h0], the following can be
established:
f x0 þ hð Þ−Pn hð Þj j≤A hj jα ð1Þ
Then the function f(x) is taken to be Lipschitz at the
point x0. The Lipschitz property of f(x) at point x0 indi-
cates the singularity degree of the function at that point.
The larger a is, the smoother the function f(x) is at that
point, whereas the smaller a is, the more singular the
function f(x) is. The singularity of the function f(x) can
be characterized by its WTMM. The theory shows that
the magnitude of the WTMM represents the strength of
the signal mutation, and the polarity represents the dir-
ection of the signal mutation.
When ground faults occur in the nuclear power plant
system, the transient fault components at the initial
stage are all abrupt or singular. According to the
principle of wavelet transform singularity detection, the
singularity of the WTMM of the transient zero-
sequence current corresponds to the original fault sig-
nals. The transient fault current of each line can be
decomposed by wavelets, and then the WTMM can be
solved after wavelet reconstruction. By comparing the
polarities of the WTMM, it can determine whether the
fault occurs on the bus or on the lines. For line faults,
the line with the largest square value of the WTMM is
regarded as the fault line.
3.2 Optimal wavelet basis and decomposition scale
selection method based on MUEER
The oprational environment of the floating nuclear
power plant is complex, and various ground fault forms
can occur. Wavelet transform can effectively extract the
local characteristics of the transient fault current and
has high accuracy in fault line selection. However, if the
wavelet basis and decomposition scale are selected im-
properly, the WTMM cannot effectively reflect the fault
characteristics, leading to misjudgment and affecting the
safety of the system. Therefore, the corresponding evalu-
ation criteria is formulated to select the best wavelet
basis and decomposition scale of the fault signals. Based
on the energy of the wavelet transform results, and the
correlation between wavelet basis functions and fault
transient signals, a fusion index which can guide the op-
timal wavelet basis and decomposition scale for fault line
selection is proposed.
Fig. 2 Flowchart of the fault line selection scheme
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Performing wavelet decomposition on the fault signal
Y(i) through the wavelet basis db(k) and decomposition
scale j with the sampling length of N to obtain the wave-
let coefficient W(j,k). Its energy E can be described as
E j;k ¼
XN
i¼1
W j; kð Þj j2 ð2Þ
According to the Parserval theorem [19], the energy of
the fault signal after orthogonal wavelet transform is
equal to its origin. As WTMM is used to select the fault
line, larger wavelet coefficient energy makes it easier to
select the fault line accurately. Therefore, the energy
value of the wavelet coefficient is used as an indicator of
the energy of the wavelet transform.
The essence of the wavelet transform method is to ex-
tract local fault information from transient fault signals.
When the center frequencies of the wavelet basis func-
tion and the transient fault signal are close, the wavelet
transform results can effectively reflect the fault infor-
mation. The concept of cross entropy in information
theory is introduced to measure the correlation of the
center frequency between transient fault signals and
wavelet basis functions [20]. It can be used to describe
the difference between two probability distributions. The
expression of the cross entropy between X and Y can be
described as
H X;Yð Þ ¼ −
X
x∈X
X
y∈Y
p x; yð Þ logp x; yð Þ ð3Þ
In this paper, the energy distribution perspective is
used to define the two-dimensional cross entropy be-
tween the fault signal and wavelet basis function. The
energy distribution probability of the wavelet basis func-
tion db(k) can be described as
p dbð Þ ¼ db kð Þj j
2
Xk
j¼1
db kð Þj j2
ð4Þ
The energy distribution probability of the fault signal
Y(i) can be described as
p Yð Þ ¼ Y ið Þj j
2
XN
i¼1
Y ið Þj j2
ð5Þ
The joint energy distribution probability of the fault
signal Y(i) and the wavelet basis db(k) can be defined as
p Y i; dbkð Þ ¼ Y ið Þj j
2 db kð Þj j2
XN
i¼1
Xk
j¼1
Y ið Þj j2 db kð Þj j2
ð6Þ
Then the cross entropy can be defined as
H Y i; dbkð Þ ¼ −
X
Y
X
db
p Y i; dbkð Þ logp Y i; dbkð Þ ð7Þ
In fault line selection, the smaller the cross entropy,
the higher the degree of fit of the wavelet basis function
to the original fault signal and the more effective infor-
mation can be extracted. Therefore, the cross entropy
can be used as an indicator of the center frequency cor-
relation between the wavelet basis functions and the
fault signals.
In order to select the optimal wavelet basis function
and decomposition scale, based on the cross entropy
and the wavelet transform energy, a fault line selection
method based on the united energy entropy ratio is pro-
posed, it is
R ¼ E j;k
H Y i; dbkð Þ ð8Þ
A larger R indicates larger correspondence of the
wavelet coefficient amplitude to the fault signal, higher
degree of similarity with the original fault signal, and
better reflection of the transient local characteristics of
the fault signal. Therefore, the optimal wavelet basis
function and decomposition scale can be selected by
comparing the values of R.
3.3 Fault line selection method based on WTMM
The wavelet transform coefficient represents the fre-
quency component of the fault signal at a certain de-
composition scale. The magnitude of the WTMM
indicates the mutation strength and the polarity repre-
sents the mutation direction.
The WTMM value of the zero-sequence current in the
fault line is the largest and its polarity is opposite to
other lines. This characteristic can be used to construct
a protection criterion to distinguish bus and feeder
faults. The fault line selection protection process based
on WTMM is shown in Fig. 3.
After detecting the ground fault in the power system,
the optimal wavelet basis function and decomposition
scale of the transient zero-sequence fault current are se-
lected by MUEER. The optimal wavelet basis function is
used to perform wavelet decomposition and reconstruc-
tion of the transient zero-sequence current of each line,
and the magnitude and polarity of the WTMM of the
zero-sequence current of each line after the reconstruc-
tion are solved. By comparing the polarities of the
WTMM, it can determine whether the fault occurs on
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the bus or the feeder. If the polarities are the same, the
fault is on the bus, otherwise it is on the feeder.
The fault line selection method based on WTMM uses
the transient fault signals to realize the protection func-
tion. For intermittent arc light grounding faults, the
transient process is intense, and the amplitudes of the
WTMM are large for all the lines. However, for low-
impedance grounding faults, the WTMM amplitude of
the fault line is usually larger than 1, while the WTMM
amplitude is usually less than 1. Taking the square value
of the WTMM amplitude can further enlarge the differ-
ence between the fault and the sound lines, so as to im-
prove the protection sensitivity. In this way, the line
with the largest square value of the WTMM is finally
regarded as the fault line.
4 Line selection protection method for HIFs based
on phase difference
The floating nuclear power plant grid is prone to HIFs
because of its compact construction and the use of the
shipboard hull as the ground loop. When HIFs occur,
the fault current is small and the line selection protec-
tion sensitivity is low, making it difficult to detect and
remove the fault accurately.
To improve the sensitivity and accuracy of the protec-
tion, the line selection scheme is combined with the
system grounding mode. In cooperation with the multi-
mode grounding control, when HIFs occur, the system
is switched into low-resistance grounding mode to en-
large the fault current. In this operational mode, the
voltage of the non-fault phase is nearly unchanged.
Based on this, a protection method for HIFs is proposed.
Figure 4 illustrates a simplified circuit diagram during
HIFs. As shown, when HIFs occur, the ground fault
current can be obtained by
I˙ f ¼ I˙d þ I˙ c ð9Þ
where I˙d is the current through the neutral-point and I˙ c
is the capacitance current to the ground. Since the
neutral-point voltage is equal to the zero-sequence volt-
age which is equal everywhere, the fault current can be
obtained as
I˙d ¼ U˙0Rd I˙c ¼ j3ωC0ΣU˙0
ð10Þ
where U˙0 is the zero-sequence voltage in the system, Rd
is the neutral-point grounding resistance and C0Σ is the
Fig. 3 Flow chart of WTMM protection method
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sum of the capacitance to ground. Assuming that the
HIF occurs on phase A in line I, the fault point can be
considered as a superimposed zero-sequence voltage
source. Thus, the ground fault current can be calculated
by
I˙ f ¼ −U˙0 þ U˙ARg ð11Þ
where U˙A is the phase voltage before the fault and Rg is
the transition ground fault impedance. Substituting (9,
10) into (11), the zero-sequence voltage of the system
can be obtained as
U˙0 ¼ −U˙A
1þ Rg
Rd
þ j3ωC0ΣRg
ð12Þ
In this system, after the occurrence of an HIF, the
zero-sequence voltage is superimposed on the original
non-fault phase voltage. Thus, the modulus of the
zero-sequence voltage is the magnitude mutation of
the non-fault phase voltage.
For HIFs, compared to Rg, Rd is very small. Thus, the
magnitude of the zero-sequence voltage is also small.
Therefore, it can be considered that the voltage of the
non-fault phase remains unchanged in the process of the
fault.
In Fig. 4, before the fault, the zero-sequence current
for fault line I can be calculated by
I˙ Ι0 ¼ U˙AjωCΙA þ U˙BjωCΙB þ U˙CjωCΙB ð13Þ
After the fault, the zero-sequence current can be cal-
culated by
I˙ Ι0
0 ¼ U˙A
0
jωCΙA þ 1Rg
 
þ U˙B
0
jωCΙB þ U˙C
0
jωCΙC
ð14Þ
Subtracting (13) from (14), the zero-sequence current
mutation of the fault line before and after the fault can
be obtained as
ΔI˙ Ι0 ¼ ΔU˙AjωCΙA þ U˙A
0
Rg
ð15Þ
Similarly, for the sound line II, the zero-sequence
current mutation before and after the fault can be ob-
tained as
ΔI˙ ΙΙ0 ¼ ΔU˙AjωCΙΙA ð16Þ
Based on the theoretical analysis above, the phasor-
diagram of the system under HIFs can be drawn as
Fig. 5.
For the sound line II, the phase difference between Δ
U˙A and ΔI˙ ΙΙ0 is 90° as seen from (16) and Fig. 5. How-
ever, for the fault line I, as shown in (15) and Fig. 5, the
fault current is affected by the system capacitance to
ground C0Σ, neutral ground resistance Rd and ground
transition resistance Rg, and the phase difference of ΔI˙ I0
and ΔU˙A is around 180°. Thus, combining the theoret-
ical derivation and simulation results, the fault line selec-
tion protection criterion based on phase difference can
be constructed as
120∘ < arg
ΔI˙ i0
ΔU˙φÞ < 240∘

ð17Þ
where ΔI˙ i0 is the zero-sequence current mutation in
Fig. 4 HIF in low-resistance grounding system
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each line (i = 1, 2, 3, ...) and ΔU˙φ is the mutation of the
fault phase voltage (φ = a, b, c). However, the phase dif-
ference is influenced by network parameters and fault
modes etc. Thus, certain margins have been included to
improve the protection sensitivity.
After detecting the ground fault in the power system,
if the zero-sequence current magnitude is small and
does not reach the threshold value, it can be determined
as an HIF. In cooperation with the multi-mode ground-
ing control, the neutral point is switched into low-
resistance mode to enlarge the zero-sequence current.
By comparing the phase difference of the zero-sequence
current mutation and the fault phase voltage mutation
of each line before and after the fault, the fault line can
be selected.
5 Simulation results and discussion
MATLAB/Simulink software is used to establish the
equivalent model of the MV power system of the float-
ing nuclear power plant shown in Fig. 1 and implement
the algorithms. During normal operation, the system
operates in high-resistance grounding mode. When a
ground fault occurs, the WTMM protection method is
used to select the fault line. When an HIF occurs, the
system is switched into low-resistance mode by the
multi-mode grounding control and the phase difference
method based on the HIF characteristic is used. The MV
system includes 4 main cables, each of which has mul-
tiple branches but made equivalent to one single line in
order to simplify the calculation. The length of each line
has been marked in Fig. 1.
5.1 Simulation analysis of WTMM protection method
In the floating nuclear power plant system shown in Fig.
1, the ground fault is set at the end of line 3. The fault
forms include a metal ground fault (Fault 1), a low-
impedance ground fault (with a transition ground fault
impedance of 50Ω) (Fault 2) and an intermittent arc
ground fault (Fault 3). In the simulation process, the
intermittent arc ground fault model is established based
on the principle of fundamental frequency arc extin-
guishing. After the zero-sequence current signals of each
line are obtained, the optimal wavelet basis function and
decomposition scale can be selected based on MUEER.
As for db(N) wavelet basis, its support length, regularity
and vanishing moment increase with the value of N.
Since the above characters are mutually limited, it has a
good decomposition effect and has been commonly used
in fault line selection. Thus, the optimal wavelet basis is
selected from db wavelet basis functions, and then the
fault signals are decomposed and reconstructed through
the optimal wavelet basis function and decomposition
scale to obtain the magnitude and polarity of WTMM of
each line. The simulation results of the above ground
fault forms are shown in Table 1.
Take the intermittent arc ground fault (fault 3) as an
example. Because of the local high-frequency transient
information in the zero-sequence fault current, a wavelet
basis function with a higher vanishing moment needs to
be selected for decomposition. The simulation results
show that the optimal wavelet basis of the lines is db10
and the optimal decomposition scale parameter is the
9th dimension. Since the polarity of the WTMM of line
Fig. 5 Phasor-diagram of the system under HIFs
Table 1 Simulation results based on WTMM
Fault forms Fault 1 Fault 2 Fault 3
Results
Line 1 Optimal function db3 db3 db10
Optimal scale 5 5 9
Square value 0.0758 0.0753 20.0580
Polarity + + +
Line 2 Optimal function db3 db3 db10
Optimal scale 5 5 9
Square value 0.3034 0.3014 74.8303
Polarity + + +
Line 3 Optimal function db3 db3 db10
Optimal scale 5 4 9
Square value 40.2709 35.5729 4407.7
Polarity – – –
Line 4 Optimal function db3 db3 db10
Optimal scale 5 5 9
Square value 0.3671 0.3647 93.2945
Polarity + + +
Selection result Line3 Line3 Line3
Whether correct Correct Correct Correct
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3 is opposite to the others, and its square value of the
WTMM is the largest, it is judged as the fault line.
The results of other ground fault conditions are listed
in Table 1. It can be seen that for different fault condi-
tions and fault lines, the optimal wavelet basis functions
and the decomposition scales are different. Based on the
MUEER method, the cross entropy and the wavelet
transform energy are used to effectively and adaptively
select the optimal wavelet basis function and decompos-
ition scale parameters of the zero-sequence currents in
each line. The simulation results show that the protec-
tion method based on WTMM can reflect the local fault
characteristic, and it adapts to various ground fault
forms which can occur in the floating nuclear power
plant power system.
5.2 Simulation analysis of phase difference protection
For HIFs, the faults are set at the end of the lines and at
the bus, and the value of the transition ground fault im-
pedance is 5kΩ. Since the zero-sequence current of each
line is small and does not reach the threshold value, the
neutral-point is switched into low-resistance grounding
mode by the multi-mode grounding control. According
to [21], the resistance value in the low-resistance
grounding mode of the MV power system can be calcu-
lated by the capacitance parameters of the power grid.
Assuming a metal ground fault occurs in the system,
and the resistance value can be obtained by making the
capacitance current equal to the current through the
neutral grounding resistance. The phase differences of
the zero-sequence fault current mutation and fault phase
voltage mutation of each line before and after the fault
are shown in Table 2.
According to the simulation results, when HIFs occur,
the phase differences between the zero-sequence current
mutation and the fault phase voltage mutation of the
sound lines are around 90°. For the fault line, the phase
difference closes to 180°, which meets the protection cri-
terion. When HIFs occur at the bus, the phase differ-
ences of all the lines are around 90°. In this way, ground
faults of the bus and the feeders can be effectively
distinguished.
In cooperation with the system grounding mode, this
protection method can effectively increase the fault char-
acteristic quantity when HIFs occur in the system, in
order to select the fault line based on the electrical
quantity change characteristics of HIFs. It can accurately
distinguish between bus and feeder faults, has a higher
resistant ability to high transition ground fault imped-
ance, and improves the sensitivity of line selection pro-
tection in the case of HIFs in floating nuclear power
plant power systems.
6 Conclusion
In this paper, a ground fault protection scheme for the
floating nuclear power plant system in cooperation with
multi-mode grounding control is proposed. Theoretical
and simulation analysis have shown that:
1) Through multi-mode grounding control, the pro-
tection scheme is effectively combined with the sys-
tem grounding mode to improve the sensitivity and
accuracy of the fault line selection protection.
2) In the protection method based on WTMM,
MUEER is defined to adaptively select the optimal
wavelet basis function and decomposition scale.
This method can be effectively applied under metal,
low-impedance and intermittent arc ground faults;
3) In cooperation with the multi-mode grounding con-
trol, a phase difference protection criterion based
on the HIFs characteristic is proposed to effectively
increase the fault characteristic quantity leading to
high sensitivity in extreme HIF situations;
4) The MV power system of the floating nuclear
power plant is taken as an example to analyze and
illustrate the protection method. The proposed
method is also applicable to the in-station and ex-
ternal power systems.
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